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1. In t roduct ion  
In our laboratory  we are interested in l~te bio- 
chemical  genetic haracterization f  pymvate 
dehydr0genase complex mutants both in prokaryotes 
(F, seherichia coli) and eukaryotes  (Aspergil lus nidulans). 
Moreover,  evolut ionary aspects o f  this mul t ienzyme 
complex  have our  interest. A l though various purifica- 
t ion procedures exist [1 - -3 ] ,  our  work  would benef it  
f rom suitable aff inity chromatography  s stems. Apar t  
f rom the advantages for  the puri f icat ion o f  mutant  
enzymes,  such systems may provide us with a ref'med 
tool  to establish the nature o f  certain mutat ions.  We 
have investigated the possibi l ity o f  apply ing the 
vadous eofactors involved in the overall reaction. 
Thiamin pyrophosphate  has been found to be a useful 
l igand [4-] ; NAD + and AMP derivatives are still under  
investigation. 
Besides general lJgand aff'mity chromatography  also 
the possibi l ity to use hydrophob ic  h romatography  in 
isolating the enzyme has been explored.  This approach 
seems therefore worthwhi le as hydrophob ic  inter- 
actions contribute largely to the formation of the 
stable and highly ordered structure of the pyruvate 
dehydrogenase complex.  Dihydrol ipoamide trans- 
acetylase is known to play a central  role in this 
association [5] .  I t  was found before that  l ipoamide 
dehydrogenase,  one o f  the const i tuent  enzymes o f  
the complex,  has indeed afffmity for  hydrocarbon-  
coated Sepharoses [6] .  We have tested hydrophob ic  
Abbreviations: TPP, thfamin pyrephos33hate; PMSF, phenyl- 
rnethylsulfon$,l fluoride; DTT, dithiothreitoI 
matrices of  various length (Ca-Cs) based on both 
alkyl and ~-amino  alkyl residues with the pyruvate 
dehydrogenase complex  o f  E. coll. Al l  these matr ices 
demonstrated strong affinity for the multienzyme 
complex [13]. Introduction of  an ~-carboxyl moiety 
leads to complete  loss o f  aff inity.  The hydrophob ic  
chromatography  approach was then not  further con- 
sidered as it turned out  to be impossible to elute both  
overall activity and l ipoamide dehydrogenase activity 
under mild condit ions. In this paper the effect o f  
introducing hydroxy l  groups in the alkyl chains will 
be considered. 
2. Methods 
2.1. Enzyme source and isolation 
E. cel l  KI -1  LR  8-13, a pyruvate dehydrogenase 
complex  constitut ive mutant  was grown according to 
[2] .  The crude extract  was prepared as described [2] 
using minor  modif icat ions.  The ceil~ (60-80  g 
bacterial  wet wt)  were broken with an X-press (LKB).  
Then 250 rnl extract ion buf fer  was added. The 0.1 M 
potass ium phosphate xtract ion buffer,  pH 7.0, con- 
tained in addit ion to DNAase and RNAase (5--10 
gg/ml),  3 mM magnesium chloride, 0.1 mM EDTA,  
2 mM TPP, 2 mM dithiothreitol  or 5 mM fl-mercapl:o- 
ethanol  and 50 I~M PMSF. The centr i fugation step 
was fol lowed by  dialysis against 50 mM potassium 
phosphate buffer,  pH 7.0, which contained nUll 
components mentioned above except for DNAaso, 
RNAase and TPP. Operat ing temperature in all steps 
was 4°C. Mg 2÷ is added since the enzyme preferenti-  
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Fig.1. Affinity chromatography of pyruvate aelaydrogenase 
complex on ethanol--Sepharose 2B (column dimensions 
2.5 X 30 cm) Crude extract was prepared from 60 g bacteria 
as described in section 2. Fractions of 15 ml were collected. 
A2s o (e-~) and enzyme activity (X-x)  are shown. 
ally binds metal-TPP whereas EDTA is added in order 
to inactivate metal requiring proteases. 
2.2. Enzyme activity 
Pyruvate dehydrogenasx complex overall activit.~z 
was measured according to [7] at 25°C. 
2.3. l~latri?c preparation 
Sepharose-2B was activated with 1,4 butanediol  
d i~ycydylether  according to [8].  The activated 
matrix was reacted with 0.! M ethano!amine in 0.2 M 
~icarbonate buffer at pH 9.5 during 24 h at room 
temperature. 
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2.4 .  SDS--polyacrylamide g l electrophoresis 
Stock solutions were made according to [9].  
Routinely a standard gel percentage of  10% was 
used with a 3% stacking el. A current o f  3 mA/tubc 
or 20 mA/slab was Wen-  Staining occurred with 
Coomassie bril l iant blue R. Samples were dialyzed 
against 10 mM sodium phosphate buffer pH 7.0 to 
remove potassium ions. 
3. Results and discussion 
When trying to prepare a thiochrome--Sepharose 
matrix starting with epoxy-activated Sepharose we 
made an interesting discovery. Blocking the excess 
o f  reactive groups was done with ethanolamine as
suggested by Pharmacia Fine Chemica!s AB [ I0 ] .  In 
a control experiment no thiochrome and only ethanol- 
amine was coupled. The latter material turned out to 
be a very effective affinity adsorbent for pyruvate 
dehydrcg,~,ase from E. colt, and this interaction with 
the ligand is completely reversible. An increase in 
ionic strength e!utes the enzyme quantitatively. CNBr- 
activated Sepharose can also be used. For stabil ity 
reasons the epoxy-derivatized [ I 1 ] Sepharose was 
used. We have applied this principle for large scale 
purifications (60--80 g bacterial wet wt). The initial A 
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Fig.2. SDS--polyaerylarnide isc gel eteetrophoresis patterns 
of different stages of pyruvate dehydrogenase complex 
purification. Protein, 10-50 #g, is applied/gel. (2.A) From 
left to right: pooled eluate (fraction !0--40); fraction 65, 
fraction 70; (2.B) Biogel chromatography in tl~e presence of 
TPP from left to right: starting matefiM; 3rd, 7th, lOth and 
14tb_ fraction upon appearance of activity; (2.C) Bioge[ 
chromatography in the absence of TPP 3rd, 5th, 1 lth and 
13th fraction upon appearance of activity. 
~c'_  -4  purification steps are ~ven in the methods. The a fL ,~y 
matrix is used after the dialysis step (2.5 "< 35 cm 
column). Results are shown in fig. 1 whereas the 
electrophoretic analysis on SDS gels 'is ~wen in fig.2. 
The active fractions contain, besides the three charac- 
teristic omponents and some low molecular weig~h~_ 
contaminants, breakdown products of  the transacetyt 
ase component (cf. [12]). The pur.'_fication i th~s tep 
on the basis of  enzyme activity is approx. 80-fo!d 
whereas on the basis of  protein a 40-fold Purification is 
obtained. This discrepancy is due to the fhct that all our 
activity measurements, also those with the crude extract: 
have been performed aerobically. NADH oxidase activity 
in the crude extract is considerable, leading to an under- 
estimation of  the activity present. The active fractions 
were precipitated with ammonium sulfate (65%). 
Further purification was obtained by Biogel A-50-M 
chromatography (column dimensions 2.5 X 90 cm) 
applying 60-100  mg protein at a time after dialysis 
against he equilibration buffer. The gel was equili- 
brated with 0.1 M potassium phosphate buffer pH 7.0, 
5% ~ycerol (v/v), 4 mM DTT, 3 mM _~_,-~gi~e~ium 
chloride and 2 mM 'I'PP. Elution was carried out in 
the same buffer. Under the conditions used, the intact 
complex separates well from those molecules contain- 
•ng the characteristic transacetylase breakdown 
products and from low molecular weight contami- 
nants. The presence of  TPP is crucial; -~,tkcrwise 
breakdown products are observed in all :'ractions as 
shown in fig.2. Separation between intT.-_:t comple:~ 
molecules and those containing partially degraded 
- o l  transacetylase on molecular wmgnt basis in the 
presence of  high TPP concentratiorts raises interesting 
questions like, is TPPjust protecting aga:tnst break- 
down or does its effect involve reoequ~ibration f  the 
different subunits? 
We should like to point out that the use of  ethanol- 
amine to block excess of  reactive groups may well 
lead to complications in other affinity chromatography 
systems. Particuiarly since in the absence of  Mg 2÷ 
more proteins are adsorbed from a crude extract, 
which is shown in fig.3. Moreover, the anaount of  
protein adsorbed varies with the bacteria?~ species 
used. In the case of  Pseudomonas fluores.oens, e.g., a 
considerable amount o f  adsorption takes place eve~_ 
in the presence of  Mg z÷. In small scale experiments 
we have als0 investigated the effect of  an increase in 
chain length, in all cases tested (C a -Cs )  vhe results 
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Fig.3. Affinity chromatography of pyruvate dehydrogenase complex on ethanol--Sepharose andpropanol--Sepharose ha the 
absence and presence of Mg ~ in the elution buffer. Experiments were performed using 1.5 ml gel/column. Elufion of the enz~-me 
occurred by applying 0.3 M NaC! to the 50 mM phosphate elution buffer. SDS-gel electrophoresis patterns show from left to 
right: (3.A) Ethanol--Sepharose 2B.From left to centre, Mg ~÷ absent: initial eluate; active fraction. Frora centre to ~ht ,  l~g ~÷ 
(2.5 rm~,~) present: initial eluate, active fraction. (3.1]) Propanol--Sepharose 2B idem. 
were very similar. Pyruvate dehydrogenase complex 
activity could be eluted quant i tat ively at the same 
molar i ty  (0.12 M) apply ing a phosphate buffer  gra- 
dient.  However, as expected,  at higher chain lengths 
(C4, C~) total  protein was not  recovered quantita-  
tively. Moreover, some proteins which hardly  adsorb 
on the C- - -Sepharose contaminate the enzyme using 
higher chain lengths. The potent ia ls  o f  these adsor- 
bents have not  been r igourously tested though, as no 
gradient e lut ion has been appl ied which raio~t improve 
the results (cf. f ig. l ) .  Some results are shown in fig.3. 
We have tested whether  the af f in i ty chromatog-  
raphy step is appl icable to mutant  pyruvate dehydro-  
genase complex enzymes from/~: coi l  Purif ication o f  
4 different structural mutants  tt us far leads to a 
similar or even better  state o f  pt r ity as in the case o f  
wild type in a similar stage o f  th ~ procedure.  We have 
also appl ied this method succesf j l ly  to other  pro- 
karyotes viz Azotobacger vit:e[andii, Bacillus sub ~t'lis, 
Bacillus polymyxa nd Pseudomonas fluorescens. 
In some cases though, other  ionic strength condit ions 
are required for adsorpt ion and desorpf ion ( to be 
publ ished else~.vhere). 
The method presented here is certainly ve~ 
valuable as it is mild and avoids both  protarrfine sul- 
fate precip i tat ion and isoelectf ic f ract ionat ion.  We 
have combined af f in i ty chromato  ~raphy with a molec-  
ular sieve procedure as the next  step. It  might be 
advantageous in order to scale up the complete  
puri f icat ion to investigate whethe~r cancium phosphate 
gel--~ce!!ulose chromato~aphy can be used instead o f  
the molecular  sieving step. 
We have not  yet  determined whether  a part icular 
individual component  o f  the enzyme complen is 
required or that  bindLng depends on the presence o f  
all components .  These points will be elucidated by  
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dissociat ing the enzyme complex  and by  s tudy ing  
appropr iate  mutant  enzyme~. We have tested some 
other  matr ices to  establLsh the st ructura l  requ i rements  
a I igand has to possess m order  to be effect ive. Cou- 
p l ing of l3-mercaptoethan01 and o f  glycerol  both  lead 
to products  w i thout  af f in i ty .  The combinat ion  o f  a 
po~t ive ly  charged n i t rogen and an a lcohol  side chaLn 
seems to be necessary.  
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